Abstract. The correlation filtering tracking approaches have attracted much attention because of its high-speed and robustness. For further improving the efficiency and robustness in tracking. We propose the usage of color features to construct the object appearance in the STC tracker. The combined feature of gray and color features can be computed efficiently and possess high discriminative power. Experiment results on two video sequences demonstrate that the spatio-temporal context tracker with color features can obtain superior performance in real-world tracking.
Introduction
Object tracking is one of the most active research problems in computer vision, which has attracted more scholars to study it. Tracking has been widely applied in many different fields such as surveillance, human-machine interaction, vehicle navigation, human actions recognition, to name a few. Although a lot of tracking algorithms have been proposed within the last decades, the tracking problem still remains rather challenging [1] . The main challenge for object tracking is to handle appearance changes of the object and background due to occlusion, pose variation and illumination changes. There are two ways to deal with the problem of object tracking: one is that the tracking problem is considered as a sample classification problem so as to distinguish between object and background [2, 3] ; the other is that the new location of object is determined by calculating the optimal similarity between the search areas and the template in the image [4, 5] .
In the early, object appearance was modelled by using intensity features that ignored color information in the images. Color attribute have shown excellent performance for object recognition and detection in recent years [5, 6] . F. S. Khan et al. [2] described three color descriptors for object detection which are Robustness hue descriptor (HUE), Opponent derivative descriptor (OPP) and Color names (CN), and at last they selected CN to detect objects, this color representation provided state-of-the-art results for object detection. J. van de Weijer et al. [7] extracted object local features with color information, and given the photometric robustness, geometrical robustness and photometric stability. Color measurements can change with illuminant variation, shadows and object geometry over an image sequence [8] , so M. Danelljan et al. took into account adopting color attributes for the task of visual object tracking in CSK tracker, the results of experiment suggested that color attributes exhibit superior performance for visual tracking. F. S. Khan et al. [9] presented a novel image representation method for object recognition in which these color attention maps were used to modulate the weights of the shape features. Color features played a pivotal role in the process of object recognition. This approach combining shape features with color information obtained state-of-the-art results.
Review of STC Tracking Approach
The spatio-temporal context (STC) learning algorithm establish the spatial relationship of the interesting target and its local context through the prior knowledge of the low level features, and it builds the statistical correlation between the target and surrounding area which tackles the tracking problem as a computing confidence map. STC can get the best position by maximizing the target location probability function using FFT in learning and target detection.
During object tracking, the local context refers to the background region that contains the target object and is directly adjacent to the target. The temporal and spatial context learning algorithm models the gray level and location features in context region as following figure 1. Ωc is the local context region which is in the solid rectangular box. x* is the tracking center in the dotted rectangular box which is considered as the target region. c(z)=(I(z),z) is the features of context at the location of z, I(z) is the gray value of image and z is the position information.
The confidence map c(x) is formulated:
(1) ( | ( ), ) denotes the context relationship between the target tracking location and its context, that is, the tracking probability at z where both the target and context exist. ( ( )| ) is a context prior probability which models appearance of the local context.
is a weighted gauss function, a is a constant, is a scale parameter. The confidence map function c(x) is defined as:
Where b is a regular constant, is a scale parameter, = 1 is a shape parameter in STC. The conditional probability ( | ( ), ) to be solved is defined as:
This form is for the following process using FFT. Putting (2) , (3) and (4) together, (1) can be written:
According to FFT, the spatial context model is obtained:
The tracking process of STC is following:
(1) Computing the spatial context model at the t-th frame according to (6) . (2) Updating the spatio-temporal context model by:
Where is a learning parameter, ( ) is the spatio-temporal context at the t-th frame which can be observed in frequency domain by
(3) Computing the confidence mapat the t+1-th frame by the formula:
Computing the target center location at the t+1-th frame:
Color Features
Although color is commonly experienced as an indispensable quality in describing the world around us, many feature-based representations are only based on shape description, and ignore color information [10, 11] . The description of color is hampered by the large amount of variations which causes the measured color values to vary significantly. Joost van de Weijier et al. [12] provided three color spaces for the color histograms: RGB, HSL, and L*a*b*. Color attributes or color names (CN) in the L*a*b* space are linguistic color labels assigned by humans to represent colors. Berlin and Kay [13] concluded that the English language contained eleven basic color terms: black, blue, brown, grey, green, orange, pink, purple, red, white and yellow. In this paper, we employ the mapping method described in [14] to transform the RGB space into the color names space, which is an 11 dimensional color representation. Following [15] , we give the definition of color names features: it is a vector containing the probability of a color name given an image region I:
where, is the i-the color names, c are the spatial coordinates of the M pixels in region I, ( ) is the L*a*b* value of pixel c, and ( | ( )) is the probability of a color name given a pixel value.
Color names provide the perception of object color, which usually contains the important information on the target. The comparison of images between RGB space and Color names space is shown figure 2. Because the color attributes around the target change from weak to strong under color names transformation, the context relationship between target and surrounding environment is more obvious, that is conducive to easily discriminate the location of the target. 
The STC Tracking with Color Features
When the target moves rapidly, pose changes and is in the complex background, the appearance of target changes apparently resulting in a failure tracking and drift phenomenon. To solve the problem above, this paper proposes a new tracking approach which combines the color information and the STC algorithm. In this algorithm, the feature of the object is modeled by using the gray feature and the adaptive dimension reduction color feature. In order to adapt to the multi-dimensional color feature, the conjugate complex of context prior model is introduced to improve the spatial context model. The context prior probability with color features can be written:
Where denotes the adaptive dimensionality reduction color features. According to [10, 11] , firstly, the RGB values of color image block are mapped into 10 dimensional space to get the 11 dimensional color probability ; then is computed by the linear project formulate = , where is a project matrix with 1 × 2 . The procedure of the mentioned approach is summarized in table 1. Table 1 . STC tracking with color features. 
Experiment Results
This section presents two challenging tracking examples which illustrate the benefits of combining the STC algorithm with color features to demonstrate the efficiency and robustness of the proposed method. The parameters of the map function are set to α = 2.25 and β = 1. The learning parameter is ρ = 0.075. The learning rate parameter μ for color attributes is fixed to 0.15. We implement our tracker in MATLAB 2014a on a native PC machine with Intel i5-3770 CPU (3.2 GHz) with 4G memory. We compared the tracking results between the GIRL sequences and DAVID sequences using the STC algorithm and the proposed algorithm in this paper. The red and solid rectangles denote our proposed algorithm, and the blue and dashed rectangles denote the STC algorithm. The tracking results are shown figure 3 and figure 4 .
In DAVID sequences, the tracking results of the proposed algorithm and the STC tracking method are almost the same when the object is in dark environment, both algorithms can track the object accurately. With the movement of object, light intensity changes from dark to bright, the two tracking results in the difference. From figure 3 , we can see the tracking results of our proposed algorithm outperforms the STC algorithm results. In GIRL sequences, the light intensity remains unchanged, but the pose of object is constantly changing and the occlusion phenomenon appears. From the tracking results shown in figure 4 , the proposed tracking method can track the target more accurately than the STC algorithm under the condition of object rotation, pose variation and occlusion.
Conclusion
In this paper, we propose a new method for the object tracking which the color attributes are extracted in STC tracker. First, we review the STC tracking algorithm, next we introduce the merits of color attributes in object appearance representation, then propose the tracking method that the STC tracking algorithm combine the color attributes.
To test the accuracy of the proposed method, two videos are used. These videos involve illumination changes, object rotation, pose variation and partial occlusion, and the proposed method is applied on them. The experimental results show that the tracking accuracy of the proposed method on these videos are higher than that of the CN and STC tracker, and the center error outperforms the CN tracker and is slightly superior to the STC tracker. The proposed method cannot address occlusion. Therefore, in the future, we intend to place the occlusion handling mechanism into the proposed method.
